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SUMMARY 

^Wa  hava  praviously  raportad  that  adnini  strati  on  of  atropina  (A)  to 
!  unrastrainad,  sadantary,  haat-strassed  rats  rasultad  in  a  dosa- 
{  dapandant  incraasa  in  haating  ratg>(rata  of  riaa  of  core  V 

I  tanparatura,  ®C/ai n) . c^Add i tionaHy ,  aa  hava  doaonstratad  that  tha 
I  dacrasMnta  in  traadai 1 1  anduranca  and  incramants  in  haating  rata  of 
I  physoatignina  (PH)-traatad  running  rats  can  both  ba  restorad  to 
I  control  Tavals  by  pratraating  tha  aniawls  with  A  and  diazapaa  (D) . 

I  Our  objactiva  in  tha  prasant  work  was  to  datarmine  if  the 
I  adaini strati on  of  D«PH  to  A-traated  unrastrainad,  sedentary,  haat- 
I  strassad  rats'(Na  16/group ,'~610^S30  gj^ could  iaprova  their  tharaal 
tol0rane0,--~Xtw  following  drugs  ware  adainistarad  singly  (at  10  ain 
/  intervals)  viKlataral  tail  vain:  vehicle-control  (C),  A  (200 
uo/kg) ,  D  (600  ug/kg) ,  and  PH  (200  ug/kg) .  After  drug 
adaini strati on,  the  rats  ware  haat-strasaad  (Taab«  41.5^)  until  a 
core  tamparatura  of^^.6<’C  was  attained  whan  they  ware  removed  to  a 
I  26*’C  chamber.  Tha  haning  rates  (^C/ain)  and  tolerance  times  (ain) 
of  the  respective  groupsSi^a:  C-  0.02,  235;  A-  0.08,  58;  A«D-  0.06, 

I  94;  and  AtD'fPH-  0.04,  143.  lA^ini  strati  on  of  D  with  A  significantly 
1  dacraasad  haating  rata,  and  D«PHsMra  than  doubled  tha  tharaal 
\  tolerance  of  A-treatad  rats.  Thus^tha  combination  of  A«D«PH  not 
\  only  restores  PH- induced  performance  and  thermoregulatory  decrements 
\  of  rats  exercised  in  a  modarata  environment,  but  also  reduces  A- 
\inducad  heat  intolerance.  — 


— '  For  severaT  )nari  ■■  have  bean  intarnitnd  jii^e  effects  of 
anticholinergic  and  anticholinesterase  drugs  M^hysiCa-i>.^hysiological ,  and 
thermoregulatory  responses  to  heat  and  exercise.  Atropine.'^thaorototype  of 
anticholinergic  driras,  inhibits  evaporative  cooling  in  man  by  suppressing  sweat 
production  wxd  in  rats  by  reducing  saliva  secretion  which  ik 

bahaviorally  spread  for  evaporative  cool ing Both  sweat  and  saliva 
'  secretions  are  chol  inargical  ly  ragulatadcOt^ai^Clublay  at  al .  (6)  have 

demonstrated  that^otTrira~Xnalogously  intiiDitad  ty  atropine  in  man.^ 

^  Me  hava  used  tha  sedentary  haat-strasaad  rat  modal  to  datamina  tha  doae- 

rasponsa  affects  of  atropina,  and  raportad  that  tha  rata  of  rise  of  core 
tamparatura  (haating  rata)  of  tha  rat  was  tha  most  sensitive  index  of 
anticholinergic  activity  (7).  Additionally,  wo  aaasurad  the  haating  rates  of 
other  anticholinergic  drugs  to  datamina  a  potency  for  these  drugs  relative  to 
atropina,  and  we  likewise  quantitated  the  antichol inastarsse  potency  of  various 
— _ carbaaaW  to  ravaraa  tha  atropina- induced  increase  in  haating  rata  (8). 
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Tti*  affects  of  anticholinergic  and  antichol inostorasa  drugs  on 
thoraorogulation  in  the  heat  are  priaarily  dua  to  alterations  in  Muscarinic 
cholinergic  affect  on  salivation  and  aosating.  Howavor,  antichol inastarasa  and 
te  a  lasaar  axtant  antichol inargic  drugs  are  also  activa  at  nauroMuscular 
junctions  (3)  aith  potantially  Taportant  offsets  on  physical  porformanca.  A 
oora  cooprahMsiva  evaluation  of  those  nicotinic  effects  is  possible  when  an 
exorcise  rog'iMon  is  utilised  following  drug  adMinistration.  Adaini  strati  on  of 
the  antichol inostorasa  physostigaina  (PH)  to  rats  resulted  in  reduced  endurance 
and  an  inerMsod  heating  rata;  both  dMraiaants  ware  restored  to  control  levels 
by  pretresting  the  aniaals  with  both  the  anticholinergic  atropine  (A)  and  the 
anticonvulsant  diaxepaa  (D)  (9). 

is  have  davalopad  two  axpariaental  models:  one  (sedentary  heat  exposure) 
priaarily  teats  tharwragulatory  function  and  the  other  (treadmill  exercise  in 
■  aodwate  Mvironaent)  physical  endurance  capacity.  Physostigaina 
adainistratien,  primarily  because  of  its  nicotinic  effects,  resulted  in  a 
decraaented  anduranca  which  was  alleviated  by  the  adajni  strati  on  of  A'*D  (9). 
AtropiM  adaini strati on,  by  virtue  of  its  inhibitory  effects  on  saliva 
secretion,  elicited  an  increased  heating  rate  during  heat  exposure  (7,8). 
Consequently,  we  adainistared  D  and  PH  to  atropiniz^  rats  (heat-stressed, 
unrastrs i oad)  to  dateraina  If  this  coabination  (D^PH)  would  restore  full 
tharaoragulatory  ability  to  atropinized  rats. 

METHODS 

Eight  groups  of  16  adult  aala  Sprague-Dawley  rats  (Charles  River,  CD 
•train,  610-5M  g)  ware  used  one  tiaa  only.  The  animals  were  housed 
individually  in  wire-bottoaed  cages  and  maintained  in  an  environmental  chamber 
at  260C  and  SOX  rh.  Lighting  was  controlled  automatically  (on,  0600-1800  h), 
and  Purina  rat  chow  and  water  ware  aval lable  ad  I ib  except  during  experimental 
intervals. 


TABLE  1 

Drugs,  Doses,  and  Order  of  Administration 
DRUGS 

C  vehicle  control  -  0.2  ml  saline  ♦  0.5  ml  serum  *0.2  ml  saline 
A  atropine  -  200  ug/kg  in  0.2  ml  saline 

D  diazepam  -  500  ug/kg  in  0.5  ml  fresh  rat  serum 

PH  physostigaine  salicylate  -  200  ug/kg  in  0.2  ml  saline 


GROUP 

1st 

INJECTIONS* 

2nd 

3rd 

C 

SALINE 

SERUM 

SALINE 

A 

A 

SERUM 

SALINE 

D 

SALINE 

D 

SALINE 

A«0 

A 

D 

SALINE 

PH 

SALINE 

SERUM 

PH 

A«PH 

A 

SERUM 

PH 

0«PH 

SALINE 

D 

PH 

A 

D 

PH 

•  10  min  apart,  via  lateral  tail  vain 


I 


i 


I 


y 
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Prior  to  iho  hoot  otrooa,  otch  rot  rocoivod  S  ooporoto  injoctiono  ot  10 
•in  intorvolo  vio  o  lotorol  toil  voin.  Tho  drugo,  dooM,  ond  ordor  of 
odoiniotrotion  for  ooeh  of  tho  8  groupo  oro  prooontod  in  Toblo  1.  Atropino  (A, 
800  og/kt,  oo  tho  ooifoto,  Sigoo  Choioicoi  Co.)  ino  diooolvod  in  0.2  al  otorilo 
0.991  oolino  ohilo  diozopoa  (D,  500  ug/kg,  Voliiar',  injoetablo,  10  ag/^al, 
Hoffaon-Loltocho  Inc.)  mo  dilutod  to  0.6  al  with  frooh  rot  oorua;  phyoootigaino 
oolicyloto  (PH,  200  ug/kg,  Antiliriua,  Foroot  Phoraoeouticolo)  mo  dilutod  to 
0.2  al  with  ml  ino.  Smua  mo  uood  to  diluto  tho  diozopoa,  bmoum  ito  own 
vohielo  io  couotic  to  vooeulor  tioouo,  tho  drug  io  lorn  ooluoblo  in  ml ino,  ond 
tho  um  of  plooao  or  wholo  blood  would  hovo  noeomitotod  tho  uoo  of  on 
onticoogulont.  Extonoivo  proliainory  roomreh  indicotod  thot  thio  dom  of  PH 
conoiotontly  olicitod  o  AM  inhibition  of  plooao  chol  inmtorom,  amourod 
opoctrophotoaotrieol ly  (proporod  tmt  kit.  Signs  Choaicol  Co.,  St.  Louio,  MO); 
homvor,  no  dotorainstion  of  chol  inmtorom  octivity  woo  dono  in  this  study. 
This  ordor  of  sdninistrotion  (Toblo  I)  ms  chomn  bmoum  A  ms  oxpoctod  to 
hovo  tho  longmt  durotion  of  oction  ond  PH  tho  shortmt.  Esch  dom  is  within 
tho  hunsn  clinicol  ronm  for  tho  rospoctivo  drug  whon  tho  fornulo  of  Froiroich 
•b  al,  (10)  io  applied  (eonparablo  rot  dom  ■  7x  hunsn  dom  on  a  per  kg  basis). 

TABLE  II 

HEAT  EXPOSURE  AND  EVAPORAHVE  LOSS  DATA  FOR  SEDENTARY  HEAT-STRESSED  RATS 


GROUP 

EXPOSURE 

HEAT  RATE 

X  vr  LOSS 

s-si 

S-TIME2 

(N-16) 

(■in) 

(«C/ain) 

00 

(0-3) 

(nin) 

C 

235*  ♦  128 

.019^  ♦  .001 

8.0*  ♦  0.3 

2.8  *  0.1 

♦1 

D 

7M*  *  16 

.019^  ♦  .002 

8.7*  ♦  0.5 

2.8  ♦  0.1 

43  ♦  3 

PH 

267*  ♦  12 

.018^  ♦  .001 

8.0*  ♦  0.3 

3.0  4  0 

25*  ♦  3 

DvPH 

267*  ♦  11 

.019*  ♦  .002 

8.5*  ♦  0.3 

2.9  ♦  0.1 

27*  ♦  4 

AeD*PH 

143^n  9 

,038**e  .002 

4.7**i  0.3 

2.4  ♦  0.1 

52  ♦  4 

AvPH 

136**v  14 

.0AQ*U  .004 

4.3**v  0.8 

2.0  ♦  0.2 

42  e  6 

M> 

•4*  ♦  13 

.0e0**e  .004 

2.8*  ♦  0.4 

1.4  ±  0.2 

55  ♦  3 

A 

68*  ♦  3 

.079*  ♦  .003 

1,9*  ♦  0.1 

0.6  ♦  0.1 

1  Maxinun  extent  of  mliva  sprmd  by  tho  ond  of  hmt-strom  (7).  No 

signif icaneo  tmti^  mo  dono  boeaum  of  tho  oubjoctivo  nature  of  tho  amsuro. 

2  Mmn  oxpoouro  tine  by  which  rots  achiovod  at  Imst  a  1  for  extent  of  mlivs 
sprmd.  Many  A  rats  had  not  achiovod  a  score  of  1  by  tho  ond  of  hmt  oxpoouro. 

3  Valum  are  swan  *  S.E. 

0  Significantly  diTformt  (p<.06)  fron  C. 

♦  Significantly  difformt  (^.06)  fron  A. 


□ 

O 


Fiftom  nin  after  the  3rd  Injection,  tho  rats  mro  hmt-atrossod 
unrmtrainad  (m  that  they  could  actiyoly  sproad  mliva)  in  their  om  cagm  in  'T~, 
a  chanbar  (1  x  2  x  2  a)  nsintainad  at  41.6^  (oloctrical ly  hmtad  circulated  Co8ps 
air)  and  30R  rolativo  hunidity  until  a  core  tanporaturo  (Tco,  floxiblo  praba  i/or 


Dipt 

Spaoial  j 

1  -  i 

1^ 

ko 

le= 

f 


i 


■•ait::.' 
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iiMcrtMl  6.6  cm)  of  42.6^  *as  attainod.  At  thia  tino  tha  aniiials  aero  quickly 
roaovad  fro*  the  heat,  weighed  and  allowed  to  cool  passively  in  the  original 
26^  chanber.  The  heat  exposure  does  not  appMr  to  distress  the  aniiaals, 
because  they  usually  alt  quietly  or  grooa  saliva  into  their  fur  during  the  heat 
exposure.  During  heat  exposure,  weight  loss  corrected  for  fecal  pellet 
production,  Teo,  and  the  extent  of  saliva  spread  were  awnitored  at  5-15  ein 
intervals.  The  extent  of  saliva  spread  was  graded  on  a  scale  of  0  to  3  as 
previously  reported  (7). 

Statistical  significance  (p<.05)  was  detereined  by  a  one-way  analysis  of 
variance  (11)  followed  by  the  Student-Newnan-Keuls  multiple  range  test  for  all 
pair  comparisona  (12). 

RESULTS 

In  Table  II,  exposure  time  to  a  Tco  of  42. 6<^  as  well  as  heat  rate,  X  wt 
loss,  and  extent  of  saliva  spread  (S-S)  during  the  exposure  time  sre  presented 
for  the  non-atropinized  groups  in  the  top  half  and  the  atropinized  rats  in  the 
bottom  half.  Except  for  the  S-time  column  (time  by  which  rats  had  achieved  at 
least  a  1  for  extent  of  saliva  spread),  there  were  no  significant  differences 
among  the  4  groups  that  did  not  receive  atropine;  however,  all  the  values  in 
the  t^  half  of  Table  II  are  significantly  different  from  those  of  the  4 
atropinized  groups. 


tXmiT  OF  MUVA  WmAO 


FIQ.  1 

Heating  rate  in  ^/min  ia  regressed  against  the  extent  of  saliva  spread  ((>■  no 
spread,  Sw  ventral  surface  completely  covered)  by  the  end  of  the  heat  stress 
for  all  6  drug  groups  (see  Table  I  for  identification  of  groups). 


The  groups  receiving  A  in  Table  II  are  arranged  in  order  of  decreasing 
enpesure  time.  As  you  move  down  Table  XI  from  A«^DvPH  to  A,  exposure  time,  X  wt 
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loss,  snd  extent  of  saliva  spread  all  decrease  and  heating  rate  increases 
consistently.  Mote  that  the  adeinistration  of  either  or  both  of  0  and  PH  with 
A  significantly  decreased  the  heating  rata  seen  in  the  group  with  A  alone,  and 
PH  or  D*PH  significantly  increased  exposure  tiiae  to  a  Tco  of  42.6®C  and  X  wt 
loss.  Data  in  Table  ZI  for  X  wt  loss  and  extent  of  saliva  spread  are  maximum 
values  attained  by  the  end  of  the  heat  exposure;  these  values  might  well  be 
expected  to  increase  with  increasing  exposure  time.  However,  the  values  for  X 
wt  loss  and  extent  of  saliva  spread  at  60  min  (the  nearest  measurement  interval 
to  the  mean  exposure  time  of  the  A  group)  were  as  follows:  A'vO^PH-  2.2X,  1.5; 
A+PH-  2. IX,  1.5;  and  A«D-  2. OX,  0.9.  These  data  indicate  that  the  patterns  of 
final  X  wt  loss  and  extent  of  saliva  spread  for  the  stropinized  groups  were 
well  established  even  by  the  end  of  60  min  of  heat  exposure.  PH  stimulated 
earlier  salivary  secretion  and  spreading  in  the  PH  and  D«PH  groups,  but  this 
did  not  result  in  an  increased  exposure  time  or  decreased  heating  rate  in 
either  of  these  groups. 

Regressing  the  extent  of  saliva  spread  against  the  heating  rate  for  all  8 
groups  yielded  the  following  equation:  Y  s  0.10  -  0.03  X  (  X  >  extent  of  saliva 
spread,  Y  «  heating  rate,  r”  «  0.08).  Thua,  Figure  1  illustrates  that 
increasing  the  extent  (surface  ares  covered)  of  saliva  spread  decreases  heating 
rate  resulting  in  a  longer  exposure  time  to  reach  a  Tco  of  42.6<*C. 

DISCUSSION 


The  administration  of  A  to  aedentary  heat-stressed  rats  reduced  thermal 
tolerance  by  suppressing  the  salivs  secretion  necessary  for  evaporative 
cooling.  We  have  previously  shown  that  this  strop ine- induced  reduction  in 
evaporative  water  loss  rate  in  rats  is  quantitatively  similar  to  that  seen  in 
man  (7,8).  The  use  of  extent  of  ssliva  spread  as  an  index  of  effective 
thermoregulation  is  analogous  to  *skin  wettedness*  (fraction  of  the  human  body 
surface  wet  with  sweat)  used  in  the  quantitation  of  evaporative  heat  loss  in 
man  (13).  When  PH  was  administered  with  A,  exposure  time,  X  wt  loss,  and 
extent  of  saliva  spread  were  all  doubled  while  the  heating  rate  was  halved  as 
compared  to  the  group  with  A  atone.  Increasing  the  PH  dose  does  not  further 
improve  results,  because  toxic  effects  are  seen  with  higher  doses  of  PH.  The 
administration  of  D  with  A  also  improved  thermal  tolerance  but  not  to  the 
extent  seen  with  PH.  Higher  doses  of  D  have  been  shown  by  Vidal  et  al .  to 
result  in  lowered  Tco  (14)  and  ataxia.  While  A4’D4^PH  improved  the  thermal 
tolerance  of  atropinized  rats  when  compared  to  A*PH,  the  difference  was  not 
significant. 

Physostigmine  administration  stimulates  salivation  (as  well  as  sweating) 
(3);  thus,  the  current  study  indicates  that  the  PH-treaM  rats  initiate 
salivation  before  controls  (Table  II).  However,  total  salivary  water  loss  was 
similar  in  these  2  groups  indicating  that  the  heat  stress  itself  was 
sufficiently  intense  to  maximize  salivary  secretion.  While  atropine  is  a 
cholinergic  receptor  blocker,  PH  is  a  cholinergic  agonist  by  virtue  of  its 
ability  to  bind  acetylcholinesterase,  thus  increasing  acetylcholine 
concentration  at  the  receptor.  It  is  possible  that  the  agonistic  effects  of  PH 
might  not  completely  compensate  for  Me  antagonistic  actions  of  A.  PH 
administration  has  also  been  shown  to  induce  a  peripheral  vasodilation  which 
results  in  a  decreased  Tco  in  sedentary  rats  at  ambient  temperatures  up  to  26<*C 
(1,16,16).  A  decreased  Tco  at  the  start  of  heat-stress  should  provide  a 
thermoregulatory  advantage  (17,18)  to  the  PH  rats.  However,  PH*s  peripheral 
dilatory  effect  is  block^  by  A  (15,16),  snd  the  ambient  heat  stress  (41.5^) 
combined  with  enhanced  peripheral  vasodilation  could  result  in  an  actual  heat 
gain  rapidly  negating  any  benefits  of  a  lower  atarting  Tco. 
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Diazepam  has  been  shown  to  improve  thermoregulatory  ability  by  preventing 
febrile  convulsions  in  children  (19),  by  preventing  handling  induced 
hyperthermia  in  rats  (14),  and  by  decreasing  the  heating  rate  of  rata  running 
on  a  treadmill  (9).  D  has  also  been  shown  to  induce  peripheral  vasodilation 
which  is  blocked  by  A  (20);  as  with  PH,  peripheral  vasodilation  would  not  be  an 
advantage  in  a  hot  environaient.  D  administration  may  have  decreased  the  A- 
induced  elevated  heating  rate  in  the  group  by  reducing  metabolic  rate  and 
heat  production.  This  hypothesis  is  supported  by  the  work  of  Anholt  et  al . 

(21)  indicating  that  peripheral  benzodiazepine  receptors  may  play  a  role  !n 
regulating  metabolism,  and  preliminary  work  from  our  lab  suggesting  that 
administration  of  a  dose  of  diazepam  too  low  to  be  sedating  still  Towers  oxygen 
consumption. 

In  the  sedentary  heat-stressed  rat  model,  administration  of  diazepam  and 
physostigmine  to  atropinized  heat-stressed  rats  improves  the  thermal  tolerance 
of  atropinized  rats  but  does  not  reduce  heating  rate  to  control  levels.  The 
improvement  reflects  primarily  an  increase  in  saliva  available  for  evaporative 
cooling  and  perhaps  a  reduced  metabolic  rate.  Additionally,  the  combination  of 
A«D«PH  restores  PH- induced  endurance  decrementa  in  the  exercising  rat  model 
(9).  Therefore,  these  2  model  systems  can  be  used  to  examine  the 
antimuscarinic  and  antinicotinic  effects  of  the  anticholinergics,  and  they  are 
also  useful  in  assessing  the  mutually  antagonistic  effects  of  the 
anticholinergics  and  the  anticholinesterases. 

ACKWOILEDCEMEWTS 

The  authors  are  grateful  to  SGT  Clenn  Thomas,  SP4  Richard  Anderson,  and 
Colleen  Chapin  for  their  technical  assistance.  The  views,  opinions,  and/or 
findings  contained  in  this  report  are  those  of  the  authors  and  should  not  be 
construed  as  official  Department  of  the  Army  position,  policy  or  decision, 
unless  so  desiginated  by  other  official  documentation.  In  conducting  the 
research  described  in  this  report,  the  investigators  complied  with  the  Animal 
Welfare  Act,  and  other  Federal  statutes  and  regulations  relating  to  animals  and 
experiments  involving  animals  and  adhered  to  principles  stated  in  the  Guide  for 
the  Care  and  Use  of  Laboratory  Animals.  NIH  publication  86-23,  1985  edition. 
Further,  all  procedures  were  reviewed  and  approved  by  the  U.  S.  Army  Research 
Institute  of  Environmental  Medicine’s  Animal  Care  and  Use  Committee.  Citations 
of  commercial  organizations  and  trade  names  do  not  constitute  an  official 
Department  of  the  Army  endorsement  or  approval  of  the  products  or  services  of 
these  organizations. 
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